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(54) SEMICONDUCTOR LASER ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To set properly the hole carrier 
concentration level of P-type impurities in a PHype InGaAsP 
layer, which is introduced in a PHype AIGaZnP optical 
waveguide layer in the vicinity of the active layer of a 
semiconductor laser element, and to inhibit a diffusion of the 
impurities. 

SOLUTION: A P-tape InGaAsP layer, which is small in diffusion 
constant and in which the hole carrier concentration level of P- 
type impurities can be set in the range of 5 X 1017 to 1 X 
1018cm-3 without diffusing the carrier concentration of the 
impurities, is introduced in a P-type AIGalnP optical waveguide 
layer in the vicinity of an active layer 4 of a semiconductor laser 
element. As the forbidden band width of the InGaAsP layer 
becomes narrower than that of the optical waveguide layer, a 
multiperiodic superlattice structure is constituted of the 
InGaAsP layer as a thin film layer. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Into a semiconductor crystal layer which makes a phosphorus system a subject as a V group 
element, a semiconductor crystal layer which introduced an arsenic system into V group element is 
provided, A semiconductor laser element having provided a semiconductor layer whose V group element 
is an arsenic system as a multi-cycle superstructure which consists of thin film layers as a thin film 
layer which produces a quantum size effect. 

[Claim 2]In a semiconductor layer whose V group element is an arsenic system from inside of a 
semiconductor layer which has provided a semiconductor crystal layer which introduced an arsenic 
system into V group element into a semiconductor crystal layer which makes a phosphorus system a 
subject as a V group element, and made V group element a phosphorus system, The semiconductor laser 
element according to claim 1 having set up carrier concentration of an impurity highly. 
[Claim 3]HI Material which makes a phosphorus system a subject is used for V group element among -V 
fellows mixed-crystal semiconductor materials, Double heterojunction structure which consists of a 
semiconductor light active layer and a semiconductor lightguide which sandwiches it is formed, V group 
element provides multi-cycle superlattice layers [ near / above-mentioned / the active layer in the 
above-mentioned lightguide which is a phosphorus system ], The semiconductor laser element according 
to claim 1 or 2 having formed a superlattice well layer at least by a layer which introduced an arsenic 
system into V group element, and having set carrier concentration of an impurity to the above- 
mentioned superlattice well layer highly rather than the above-mentioned lightguide further. 
[Claim 4]The above-mentioned luminescence active layer is provided as distorted multiple quantum well 
structure which repeated a distortion quantum well layer and a deformation amount child barrier layer, 
The semiconductor laser element according to claim 3 having doped an impurity to the above-mentioned 
deformation amount child barrier layer which V group element forms a deformation amount child barrier 
layer and a light separating confining layer which adjoin a distortion quantum well layer by a 
semiconductor crystal layer which is an arsenic system, and consists of an arsenic system, or a light 
separating confining layer. 

[Claim 5]The semiconductor laser element according to claim 3 or 4 having set up electron hole carrier 
concentration which doped an impurity in which a p type conductivity type is shown as an impurity in a 
layer which was introduced into the above-mentioned lightguide or the above-mentioned luminescence 
active layer, and which provided V group element as an arsenic system at least, and was activated by an 
impurity dope. 

[Claim 6]Electron hole carrier concentration which doped a p type impurity and was activated is set to a 
superlattice well layer which constitutes a superstructure established into the above-mentioned 
lightguide and which made V group element an arsenic system more highly than the above-mentioned 
lightguide, The semiconductor laser element according to claim 3 or 5 which makes electron hole carrier 
concentration the range of 3x10 17 -1x10 cm , and is characterized by having set it as the range of 
5x10 17 - 5x10 18 cm~ 3 more appropriately. 

[Claim 7]By doping a p type impurity to a deformation amount child barrier layer and a light separating 
confining layer which made V group element an arsenic system in distorted multiple quantum well 
structure which constitutes the above-mentioned luminescence active layer, Activated electron hole 
carrier concentration is set as the range of 3x10 17 - 2x10 18 cm~ 3 more appropriately than the range of 
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1x10 17 - 5x10 18 cm~ 3 , The semiconductor laser element according to claim 4 or 6 constituting distorted 
multiple quantum well structure which has carried out the abnormal-conditions dope. 
[Claim 8]The above-mentioned luminescence active layer is used as a distortion quantum well layer and 
the above-mentioned distortion quantum well layer with compensates distortion multiple quantum well 
structure by repetition by a deformation amount child barrier layer which has a lattice strain of an 
opposite sign, The semiconductor laser element according to claim 1 constituting when a distorted 
interlayer with each middle amount of lattice strains is provided between the above-mentioned distortion 
quantum well layer and the above-mentioned deformation amount child barrier layer and V group element 
forms the above-mentioned distorted interlayer by a layer which consists of an arsenic system. 
[Claim 9]The semiconductor laser element according to claim 8 having set up electron hole carrier 
concentration which doped an impurity in which a p type conductivity type is shown as an impurity to a 
distorted interlayer who consists of an arsenic system provided between the above-mentioned distortion 
quantum well layer and the above-mentioned deformation amount child barrier layer, and was activated 
by an impurity dope. 

[Claim 10]Electron hole carrier concentration activated by doping a p type impurity to the above- 
mentioned distorted interlayer is set as the range of 3x10 17 - 2x10 18 cm~ 3 more appropriately than the 
range of 1x10 17 - 5x10 18 cm~ 3 , The semiconductor laser element according to claim 9 constituting 
compensates distortion multiple quantum well structure which has carried out the abnormal-conditions 
dope. 

[Claim 11]A semiconductor laser element given in claims 1-10, wherein the element seeds doped as an 
impurity in which a p type conductivity type is shown have set up electron hole carrier concentration 
which is Zn, Mg, or Be and was activated by doping one of elements of these. 

[Claim 1 2]A monocrystal substrate used for providing the above-mentioned lightguide and the above- 
mentioned luminescence active layer has the plane direction turned off from a field (100), The 
semiconductor laser element according to claim 1 a range of a plane direction being 5-25.2 degrees from 
a field (1 00) more appropriately than the range of 0-54.7 degrees, having set it as 7-1 6 degrees as 
optimal range in practice, and having formed it on the above-mentioned monocrystal substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a semiconductor laser element suitable for the light 

source for optical information processing or optical measurement. 

[0002] 

[Description of the Prior Art]In conventional technology, it is easy to diffuse the p type impurity doped 
to the lightguide of the semiconductor laser, is in the situation of being further hard to set up desired 
carrier concentration, and had the problem that an improvement of an element characteristic could not 
be aimed at. As shown to electronics Letters 1996 year 32 volume 661-662 page (Electronics Letters 
1996, 32,661-662) by the conventional example, Zinc is made into an example as a p type impurity, and it 
is 1.3 micrometers. In the long wavelength semiconductor laser of a belt, p type carrier concentration to 
a lightguide More than 2x10 18 cm~ 3 . If more than 5x10 17 cm~ 3 introduces to an active layer, it will have 
reported that element characteristics, such as threshold current and differential quantum efficiency, 
deteriorate. 
[0003] 

[Problem(s) to be Solved by the Invention]By the above-mentioned conventional technology, in the InP 
system laser device of a long wavelength region, it is the contents which investigated influence on the 
element characteristic of the p type impurity which is easy to diffuse, and the result of having evaluated 
the experimental level of p type carrier concentration which does not influence notably is only described. 
However, the new technique for controlling diffusion or controlling p type carrier concentration on a high 
level is not described. 

[0004]The purpose of this invention makes reference in the contents about the technique of setting up 
high carrier concentration to a lightguide or an active layer in order to aim at an improvement of the 
element characteristic of a semiconductor laser, especially threshold current and temperature 
characteristics. It is in realizing improvement in an element characteristic by showing a solving means to 
the technical problem that V group element cannot control the carrier concentration activated by 
diffusion of the p type impurity by the semiconductor material which consists of a phosphorus system 
especially easily. 
[0005] 

[Means for Solving the Problem]This invention describes a means by which V group element solves an 
aforementioned problem to a semiconductor laser element which mainly comprises a phosphorus system 
by a mixed-crystal semiconductor. V group element in a semiconductor laser which comprises a 
phosphorus system. Since it has the feature of being easy to diffuse a p type impurity, electron hole 
carrier concentration cannot be highly designed with order near the 10 18 cm~ 3 , There are restrictions 
that diffusion of an impurity must set it as a low value of 10 17 cm~ 3 which does not pose a problem on 
an element characteristic. Since diffusion arises according to outside environment conditions, such as a 
growing condition, also when p type impurity concentration is a value of 10 17 cm~ 3 order, especially 
AIGalnP system material used for a semiconductor laser of a short wavelength region requires setting 
out of very precise carrier concentration. 

[0006]For this reason, diffusion is controlled and a diffusing constant of a p type impurity enabled it to 
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set predetermined carrier concentration as a narrow field using material which consists of an arsenic 
system of V group element as a small material in this invention. In material which introduced arsenic into 
V group element, an about double figures diffusing constant of a p type impurity can be made small from 
a single figure. By adjusting a presentation of arsenic appropriately using AIGalnAsP or GatnAsP system 
material, while an InP system and forbidden-band width of long wavelength system material double a 
grating constant also to an AIGalnP system of short wavelength system material greatly, it can 
introduce. 

[0007]To an element, by the ability to set up highly electron hole carrier concentration of a p type 
lightguide near the active layer, a Fermi level in a valence band can be made high, and a design which 
increased energy barrier height is attained. According to increase of barrier height of a p type lightguide, 
leakage of an electron carrier from an active layer can be controlled. In an element characteristic, it was 
able to make it have been able to reveal a great effect especially to reduce threshold current and to 
improve temperature characteristics, and the above-mentioned characteristic was able to be raised at 
least 20 to 30%. ! 
[0008]If the feature of a semiconductor laser element of this invention is indicated from a certain limited 
aspect of affairs, A laminated structure which repeats and laminates the 1st semiconductor layer and 
2nd semiconductor layer is introduced into a portion which has p type conductivity among 
semiconductor regions (it has a refractive index smaller than an active region) contiguous to an active 
region which has a luminous region slack active layer or multiple quantum well structure. Although any 
semiconductor layer is formed by a compound semiconductor layer which consists of group III elements 
and a V group element, In composition ratio of V group element which constitutes these compound 
semiconductor layers, the 2nd semiconductor layer contains As (arsenic) of a ratio higher than the 1st 
semiconductor layer, or the 1 st semiconductor layer has the first feature in a place containing P 
(phosphorus) of a ratio higher than the 2nd semiconductor layer. In a limitation which the 1st 
semiconductor layer and 2nd semiconductor layer do not make produce a rearrangement by lattice 
mismatching in each semiconductor layer, it is permitted that the 1st semiconductor layer does not 
contain As and that the 2nd semiconductor layer does not contain P. It is in p type impurity 
concentration of the 2nd semiconductor layer of the above being higher than that of the 1 st 
semiconductor layer of the above as the second feature, if it responds to resistance requested from an 
above-mentioned semiconductor region, it is good even if it does not introduce a p type impurity into the 
1st semiconductor layer artificially (what is called — as undoped). 

[0009]Even if these semiconductor layers have a good thing which brings about a quantum size effect 
and which thickness shall be 10 nm or less desirably from a viewpoint (let a laminated structure be 
superlattice) and the 2nd semiconductor layer shows a refractive index higher than a luminous region in 
this case, for example, Since an effectual refractive index to a luminous region serves as a macroscopic 
value of the whole laminated structure and a direction of a refractive index of a luminous region 
becomes high, there is an advantage which does not interfere with optical confinement or an optical 
guide at all. An above-mentioned semiconductor region refers to a light guide layer which a refractive 
index is higher than a cladding layer or a cladding layer, and is provided in luminous region slippage. An 
above-mentioned laminating region may be established in an inside of a p type current carrying part, or 
may be established in a boundary between a p type current carrying part and a undoped part (portion 
which does not introduce an impurity artificially). 
[0010] 

[Embodiment of the Invention]This invention is concretely explained from Examples 1 thru/or 6 which 
showed the desirable embodiment of this invention hereafter, and the related drawing of those. 
[0011](Example 1) One example of this invention is described using drawing 1 . On the n type GaAs 
substrate 1 in drawing 1 , 0.5 micrometer in thickness. Come out and The carrier concentration 1 - n 
type GaAs buffer layer 2 of 2x10 18 cm~ 3 , 2.0 micrometers in thickness. Come out and by a undoped 
AIGalnP light separating confining layer and 4 nm in thickness at the n type AIGalnP lightguide 3 of 
carrier concentration 5x10 17 - 1x10 18 cm~ 3 , and 10 nm of 20 nm of thickness one side one side 
Undoped tensile strain AIGalnP quantum barrier layer two-layer. And the compensates distortion 
multiple quantum well structure active layer 4 which consists of three layers of undoped GalnP 
compressive strain quantum well layers at 5 nm in thickness, 0.022 micrometer in thickness. Come out 
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and by the carrier concentration 2 - the p type AIGalnP lightguide 5 of 4x10 17 cm~ 3 , and 1.15 nm of 
thickness 4 atomic layers Five layers of p type GalnAsP well layers and 1.5 nm of thickness pentatomic 
layers of carrier concentration 5x10 17 - 1x10 18 cm~ 3 . The superstructure high carrier concentration 
layer 6 and 0.24 micrometer in thickness which come out and consist of the carrier concentration 2 - 
four layers of p type AIGalnP barrier layers of 4x10 17 cm~ 3 The carrier concentration 2 - the p type 
AIGalnP lightguide 7 of 5x10 17 cm~ 3 , At 0.01 micrometer in thickness, the carrier concentration 5-8x10 
17 cm~ 3 . the p type GatnP etching stopping layer 8 and 1.35 micrometers in thickness. Come out and at 
the p type AIGalnP lightguide 9 of carrier concentration 8x10 17 - 1x10 18 cm~ 3 , and 0.02-0.05 
micrometer in thickness the p type GalnP buffer layer 10 of carrier concentration 8x10 17 - 2x10 
18 cm~ 3 . It grows epitaxially by an organic-metal-vapor-growth (MOCVD) method. 

[0012]The outline about the forbidden band an active layer and near the active layer becomes as shown 
in drawing 2 (a) and (b). 

[0013]Next, the stripe mask of a Si0 2 insulator layer is formed by vapor-depositing a Si0 2 insulator 
layer and passing through photo lithography and an etching process. Using a Si0 2 insulator layer mask, 
etching removal of the layers 10 and 9 is carried out until it results in the layer 8, and the order mesa 
ridge stripes of the trapezoidal shape shown in drawing 1 are produced. Then, selective growth of the 
carrier concentration 1 - the n type GaAs embedding current stricture layer 1 1 of 3x10 18 cm~ 3 is carried 
out at 0.6-1.2 micrometers in thickness, After carrying out etching removal of the Si0 2 insulator layer 

mask, the p type GaAs embedding contact layer 12 of carrier concentration 1x10 18 - 1x10 20 cm~ 3 is 
grown up at 3-5 micrometers in thickness. After vapor-depositing the p lateral electrode 13 and the n 
lateral electrode 14, a cleavage scribe is carried out and the element of drawing 1 is obtained. 
[001 4] According to this example, the electron hole carrier concentration of 5x10 17 - the 1x10 18 cm 3 
range was able to be made to set up by providing the high carrier concentration layer of an InGaAsP 
superstructure [ near the active layer ], without diffusing a p type impurity notably. This is equivalent to 
a 3 to 5 times as many level as the value in a p type AIGalnP lightguide which was able to be set up 
conventionally. As compared with the case where electron hole carrier concentration is a 1x10 17 cm~ 3 
level, the Fermi level in a valence band can be set up highly, and the energy barrier height of a p type 
lightguide is made to increase further by about 65 meV from 40meV at least. Since the leakage of the 
electron carrier from an active layer was controlled, threshold current was reduced and increase of this 
barrier height enabled it to improve temperature characteristics further. As a result, threshold current 
and characteristic temperature have been improved 20 to 30%. In this element, it oscillated with the 
wavelength 680 nm band, and the threshold current of a room temperature is 40-50 mA, and, as for 
characteristic temperature, 130-150K were obtained. In the reliability trial, at the temperature of 70 **, 
40-mW constant optical power operation continued for 5000 hours or more, and it has attained. 
[0015](Example 2) Drawing 3 and drawing 4 (a) and (b) explain other examples of this invention. Although 
produced like Example 1, an active layer is constituted as follows. The active layer 15 shown in drawing 3 
is taken as the compensates distortion multiple quantum well structure active layer which consists of 
three layers of undoped GalnP quantum well layers at 5 nm of 10 nm of thickness one side one side at 
the undoped tensile strain AIGalnAsP quantum barrier layer of four layers, and 5 nm in thickness by a 
undoped AIGalnP light separating confining layer and 4 nm in thickness. The outline about the forbidden 
band an active layer and near the active layer becomes like drawing 4 . When the abnormal-conditions 
dope of the p type impurity could be carried out and a p type impurity was doped, the electron hole 
carrier concentration of 5x10 17 - the 2x10 18 cm~ 3 range was made to set to a tensile strain AIGalnAsP 
quantum barrier layer, without diffusing a p type impurity notably. Others obtain the element of drawing^ 
completely like Example 1. 

[0016]Since according to this example the above-mentioned high carrier concentration can be fixed in 
addition to increasing the barrier height of a lightguide when the abnormal-conditions dope of the p type 
impurity is carried out at a tensile strain AIGalnAsP quantum barrier layer as Example 1 showed, It was 
possible to have raised the electron hole carrier density poured in into a distortion quantum well layer. 
Thereby, generating of a profit is performed efficiently and differential gain increases. Since threshold 
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carrier density decreased, the improvement of low threshold current operation and characteristic 
temperature became still more possible. As a result, in this element, the threshold current of the room 
temperature could be reduced by 30-40 mA, and, as for characteristic temperature, 140-160K were 
obtained. In the reliability trial, at the temperature of 70 **, 50-mW constant optical power operation 
continued for 5000 hours or more, and it has attained. 

[0017](Example 3) Drawing 5 and drawing 6 (a) and (b) explain other examples of this invention. Although 
produced like Example 2, an active layer is constituted as follows. The active layer 16 shown in drawing 5 
considers it as the compensates distortion multiple quantum well structure active layer which consists 
of three layers of undoped GalnP quantum well layers at 5 nm of 10 nm of thickness one side one side at 
the undoped tensile strain AIGalnP quantum barrier layer of four layers, and 5 nm in thickness by a 
undoped AIGalnP light separating confining layer and 3 nm in thickness, A 0.5-nm-thick AIGalnAsP 
distorted interlayer is introduced into the both sides of a tensile strain AIGalnP quantum barrier layer. 
Let an AIGalnAsP distorted interlayer's deformation amount be a middle value of the deformation amount 
in a quantum well layer and a quantum barrier layer. The outline about the forbidden band an active layer 
and near the active layer becomes like drawing 6 . The AIGalnAsP distorted interlayer was made to set 
up the electron hole carrier concentration of 5x10 17 - the 2x10 18 cm~ 3 range, without diffusing a p type 
impurity notably, when the abnormal-conditions dope of the p type impurity could be carried out and a p 
type impurity was doped. Others obtain the element of drawing 5 completely like Example 2. 
[0018]Since according to this example in addition to the characteristic in the element of Example 1 the 
abnormal-conditions dope of the p type impurity is carried out at an AIGalnAsP distorted interlayer and 
the above-mentioned high carrier concentration can be fixed, an improvement of low threshold current 
operation and characteristic temperature is possible like Example 2. By the AIGalnAsP distorted 
interlayer, since the interface of a quantum well layer and a quantum barrier layer was made to ease the 
big distortion stress which works to a counter direction, the crystallinity of the whole distortion 
compensation amount child well structure has been improved greatly, and the luminescence intensity 
from an active layer was raised to 20 to 30 or more times. As a result, in this element, the threshold 
current of the room temperature could be reduced to 20-30 mA, and, as for characteristic temperature, 
150-170K were obtained. In the reliability trial, at the temperature of 70 **, 60-mW constant optical 
power operation continued for 5000 hours or more, and it has attained. 

[0019](Example 4) Other examples of this invention are described using drawing 5 . A n type GaAs 
substrate with A plane direction is used for the substrate 1 in drawing 5 (511), At 0.5 micrometer in 
thickness, on it by the carrier concentration 1 - n type GaAs buffer layer 2 of 2x10 18 cm~ 3 , and 2.0 
micrometers in thickness Carrier concentration 5x10 17 - the n type AIGalnP lightguide 3 of 1x10 
18 cm~ 3 , it consists of four layers of undoped GalnP compressive strain quantum well layers at 5 nm of 
10 nm of thickness one side one side at the undoped tensile strain AIGalnP quantum barrier layer of five 
layers, and 4 nm in thickness by a undoped AIGalnP light separating confining layer and 3 nm in 
thickness — it providing compensates distortion multiple quantum well structure active layer 1 6, and, 
The 0.5-nm-thick AIGalnAsP distorted interlayer is introduced into the both sides of a tensile strain 
AIGalnP quantum barrier layer. After that, the element section equivalent to drawing 5 is obtained by 
producing an element completely like Example 3. 

[0020] According to this example, threshold current and characteristic temperature have been improved 
20 to 30% by the effect to the same element characteristic as Example 3. In this element, the oscillation 
wavelength 650 nm band was obtained, the threshold current of a room temperature is 30-40 mA, and, 
as for characteristic temperature, 130-150K were attained. In the reliability trial, at the temperature of 
70 **, 50-mW constant optical power operation continued for 5000 hours or more, and it has attained. 
[0021](Example 5) Other examples of this invention are described using drawing 5 . A n type GaAs 
substrate with A plane direction is used for the substrate 1 in drawing 5 (511), At 0.5 micrometer in 
thickness, on it by the carrier concentration 1 - n type GaAs buffer layer 2 of 2x10 18 cm~ 3 , and 2.0 
micrometers in thickness Carrier concentration 5x10 17 - the n type AIGalnP lightguide 3 of 1x10 
18 cm~ 3 , The compensates distortion multiple quantum well structure active layer 16 which consists of 
three layers of undoped GalnP tensile strain quantum well layers at 5 nm of 10 nm of thickness one side 
one side at the undoped compressive strain AIGalnP quantum barrier layer of four layers and 7 nm in 
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thickness by a undoped AIGalnP light separating confining layer and 3 nm in thickness is formed, The 
0.5-nm-thick AIGalnAsP distorted interlayer is introduced into the both sides of a compressive strain 
AIGalnP quantum barrier layer. After that, the element section equivalent to drawing 5 is obtained by 
producing an element completely like Example 3 or 4. 

[0022]According to this example, threshold current and characteristic temperature have been improved 
20 to 30% by the effect to the same element characteristic as Example 3. [n this element, the oscillation 
wavelength 630 nm band was obtained, the threshold current of a room temperature is 40-50 mA, and, 
as for characteristic temperature, 1 10-130K were attained. In the reliability trial, at the temperature of 
70 **, 40-mW constant optical power operation continued for 5000 hours or more, and it has attained. 
[0023](Example 6) Other examples of this invention are described using drawing 5 . A n type InP 
substrate is used for the substrate 1 in drawing 5 , moreover — 0.5 micrometer in thickness. Come out 
and The carrier concentration 1 - the n type InP buffer layer 2 of 2x10 18 cm~ 3 , 2.0 micrometers in 
thickness. Come out and Carrier concentration 5x10 17 - the n type InP lightguide 3 of 1x10 18 cm~ 3 , It 
becomes the active layer 1 6 from four layers of undoped GalnAsP compressive strain quantum well 
layers at 20 nm of 40 nm of thickness one side one side at the undoped tensile strain GalnAsP quantum 
barrier layer of five layers, and 6 nm in thickness by a undoped GalnAsP light separating confining layer 
and 5 nm in thickness, The compensates distortion multiple quantum well structure active layer which 
introduced the 0.5-nm-thick GalnAsP distorted interlayer is provided in the both sides of a tensile strain 
GalnAsP quantum barrier layer, further — 0.022 micrometer in thickness. Come out and by the carrier 
concentration 2 - the p type InP lightguide 5 of 4x10 t7 cm~ 3 , and 1.15 nm of thickness 4 atomic layers 
Five layers of p type GalnAsP well layers and 1.5 nm of thickness pentatomic layers of carrier 
concentration 5x10 17 - 1x10 18 cm~ 3 . The superstructure high carrier concentration layer 6 and 0.24 
micrometer in thickness which come out and consist of the carrier concentration 2 - four layers of p 
type InP barrier layers of 4x10 17 cm~ 3 The carrier concentration 2 - the p type InP lightguide 7 of 5x10 
17 cm~ 3 , They are the carrier concentration 5 - the p type GalnAsP etching stopping layer 8 of 8x10 
17 cm" 3 , and 1.4 micrometers in thickness at 0.01 micrometer in thickness. Carrier concentration 8x10 17 
- the p type InP lightguide 9 of 1x10 18 cm~ 3 , The p type GalnAsP buffer layer 10 of carrier 
concentration 8x10 17 - 2x10 18 crrf 3 is grown epitaxially by an organic-metal-vapor-growth (MOCVD) 
method at 0.02-0.05 micrometer in thickness. 

[0024]The outline about the forbidden band an active layer and near the active layer becomes like 
drawing 6 . 

[0025]Next, the stripe mask of a Si0 2 insulator layer is formed by vapor-depositing a Si0 2 insulator 
layer and passing through photo lithography and an etching process. Carrying out etching removal of the 
layers 10 and 9 using a Si0 2 insulator layer mask, until it results in the layer 8, the trapezoid shown in 
drawing 5 produces the reverse mesa-like ridge stripe in which the length of the neighborhood of the 
upper part and the lower part became reverse. Then, selective growth of the carrier concentration 1 - 
the n type InP embedding current stricture layer 11 of 3x10 18 cm~ 3 is carried out at 0.6-1.2 micrometers 
in thickness, After carrying out etching removal of the Si0 2 insulator layer mask, the p type GalnAs 

embedding contact layer 12 of carrier concentration 1x10 18 - 1x10 19 cm~ 3 is grown up at 1-2 
micrometers in thickness. After vapor-depositing the p lateral electrode 13 and the n lateral electrode 
14, a cleavage scribe is carried out and the element section equivalent to drawing 5 is obtained. 
[0026]According to this example, threshold current and characteristic temperature have been improved 
20 to 30% by the effect to the same element characteristic as Example 3. At this element, it is an 
oscillation wavelength of 1.3 micrometers. The belt was obtained, the threshold current of a room 
temperature is 15-25 mA, and, as for characteristic temperature, 80-1 00K were attained. By a reliability 
trial, 20-mW constant optical power operation is 20000 at the temperature of 85 **. Beyond time 
continued and it has attained. 
[0027] 

[Effect of the Invention]According to this invention, even if it used the mixed-crystal semiconductor 
material in which V group element for which precise control of the electron hole carrier concentration 
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setting level of a p type impurity was difficult until now makes a phosphorus system a subject, it became 
possible to provide the semiconductor laser provided with the stable element characteristic which is not 
notably influenced in diffusion of a p type impurity. Since the activated hole concentration can be set as 
the high level of 1x10 18 cm~ 3 , without diffusing a p type impurity, the large energy barrier height of a p 
type lightguide can be taken 40 to 65 meV. Since the increase in this barrier height will control the 
leakage of the career from an active layer, reduction of threshold current and an improvement of high 
temperature operation are brought about. 

[0028]As a result, it was possible to have raised threshold current and characteristic temperature 20 to 
30% in a laser device. In short wavelength 680 nm-band AIGalnP laser, the threshold current of a room 
temperature is 20-30 mA, and, as for characteristic temperature, 1 50-1 70K were obtained. In the 
reliability trial, in 70 **, 60-mW constant optical power operation continued for 5000 hours or more, and 
it has attained. Long wavelength of 1.3 micrometers In belt InP laser, the threshold current of a room 
temperature is 15-25 mA, and, as for characteristic temperature, 80-1 00K were obtained. In the 
reliability trial, at the temperature of 85 **, 20-mW constant optical power operation continued for 
20000 hours or more, and it has attained. 



[Translation done.] 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]Drawing of longitudinal section of the element in one example of this invention. 

[Drawing 2] The forbidden-band schematic diagram of the active layer in the element of one example of 

this invention, and a lightguide. 

[Drawing 3] Drawing of longitudinal section of the element in other examples of this invention. 
[Drawing 4] The forbidden-band schematic diagram of the active layer in the element of other examples 
of this invention, and a lightguide. 

[Drawing 5] Drawing of longitudinal section of the element in the example of further others of this 
invention. 

[Dr awing 6]The forbidden-band schematic diagram of the active layer in the element of the example of 
further others of this invention, and a lightguide. 
[Description of Notations] 

1 [ — Compensates distortion multiple quantum well structure active layer, ] — An type substrate, 2 — 
A n type buffer layer, 3 — An type lightguide, 4 5 — A p type lightguide, 6 — AIGalnAsP or GalnAsP 
multi-cycle superstructure high carrier concentration layer, 7 — A p type lightguide, 8 — A p type 
etching stopping layer, 9 — P type lightguide, 10 — A p type buffer layer, 11 — An type embedding 
current stricture layer, 12 — P type embedding contact layer, 13 [ — Compensates distortion multiple 
quantum well structure active layer which introduced the AIGalnAsP or GalnAsP distorted interlayer. ] - 
- p lateral electrode, 14 — n lateral electrode, 15 — The compensates distortion multiple quantum well 
structure active layer, 16 which introduced AIGalnAsP or a GalnAsP quantum barrier layer 



[Translation done.] 
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